Résumé. 2014 Abstract. 2014 Measurements of the electrical resistivity, thermoelectric power and thermal conductivity from 1.5 to 300 K in single crystal CePt2Si2 are reported here. A theoretical model, based on the effective exchange Hamiltonian and taking into account the anisotropy of the conduction electron relaxation time, is also presented to explain the strong anisotropy observed in the transport properties of the cerium Kondo compound CePt2Si2.
Abstract. 2014 Measurements of the electrical resistivity, thermoelectric power and thermal conductivity from 1.5 to 300 K in single crystal CePt2Si2 are reported here. A theoretical model, based on the effective exchange Hamiltonian and taking into account the anisotropy of the conduction electron relaxation time, is also presented to explain the strong anisotropy observed in the transport properties of the cerium Kondo compound CePt2Si2.
J. Phys. France 50 (1989) [1] , CeCu6 [2] , CeCu2Si2 [3] , CePtSi [4] , CePtln [5] , CeInCu2 [6] , CePd3B [7] , CeCu4Ga [8] , CeCu4Al [9] and many other cerium compounds. Three different behaviours have been found at very low temperatures in these compounds : many of them, such as CeAl2 [10] , CeB6 [11] , CeInAg2 [12] and roughly thirty other cerium compounds, order magnetically, generally in an antiferromagnetic or modulated magnetic order. On the other hand, CeCu2Si2 becomes superconducting below roughly 0.6 K [3] . Finally, the other compounds, such as CeAl3 [1] , CeCu6 [2] , CeCu2Si2 [3] , CeInCu2 [6] , CeRu2Si2 [13] or CePt2Si2 [14] were initially thought to exhibit no long-range magnetic order and to become non magnetic ; the problem is now more controversial since a very weak magnetic order has been detected in some compounds such as CeAl3 [15] and moreover strong short-range magnetic correlations have been any way observed in most of these compounds.
The magnetic and transport properties of cerium Kondo alloys and compounds have been also extensively studied experimentally and theoretically in both the « high-temperature » and « low-temperature » limits, i.e. for temperatures respectively larger and smaller than the Kondo temperature Tk. The transport properties, namely the electrical resistivity [16, 17] , the magnetoresistivity [17] , the Hall effect [18] , the thermoelectric power [19] and the thermal conductivity [20] [17] .
The temperature dependence of the thermoelectric power exhibits one or two, positive or negative, peaks which can reach large absolute values and are located at a temperature corresponding to a fraction 1/6 to 1/3 of the crystal-field splitting [19] . A qualitative agreement with experiments can be found in most cerium compounds. Moreover the calculations have quantitatively accounted for thermoelectric power data in Ce1-xLaxAl3 alloys [19] . Finally, the thermal conductivity has been recently computed in the same model [20] ; this theoretical electronic contribution to the thermal conductivity behaves linearly at low and high temperatures, while it exhibits an inflexion and even a maximum followed by a minimum at a temperature approximately given by a fraction 1/3 to 1/2 of the crystal-field splitting. A quantitative agreement is obtained with experimental data in CeAl2, CeCu2Si2 and CePt2Si2 polycrystalline samples [20] .
The purpose of thé présent paper is to study both experimentally and theoretically a new feature observed in the transport properties of cerium Kondo compounds, namely, the anisotropy of the electrical resistivity, the thermoelectric power and the thermal conductivity found in CePt2Si2 single crystals and to present a theoretical explanation of this anisotropy, based on the effective exchange Hamiltonian of references [16, 21] , by taking into account the anisotropy of the conduction electron relaxation time. Experimental evidence for anisotropy effects has been previously found in the resistivity of CeCu2Si2 [23] , CeA13 [24] and CePt2Si2 [25] single crystals and in the thermoelectric power of CeRu2Si2 single crystals [26] . The resistivity of CeCu2Si2 and CeAl3 is smaller along the c-direction than perpendicular to it, in contrast to the case of CePt2Si2 [25] .
In the present paper, we [27] . The magnetic susceptibility of CePt2Si2 follows a Curie-Weiss law above 150 K with a magnetic moment close to that of Ce3+, then goes through a maximum around 60 K and is almost constant below 20 K reaching a value of 3.6 x 10-3 emu/mole at 1.5 K, after correction of impurity effects [14, 27] . Measurements of the specific heat C yield an extrapolated value of C/T down to 0 K equal to 80 [14] -86 [27] mJ/mole K2 and a maximum of C/T close to 120 mJ/mole K2 at 2 K. Both the low temperature value of the magnetic susceptibility and the A coefficient of the low temperature T2 law of the resistivity decrease rapidly with pressure [27] .
Recent measurements on CePt2Si2 single crystals have shown the strong effect of anisotropy on the magnetization [28] and electrical resistivity [29] . The low temperature magnetization is larger along the (100) direction than along the (001) direction and the observed strong decrease of the initial susceptibility is associated with the possible existence of a metamagnetic transition at about 30 kOe in the basal plane [28] . These results differ from the magnetization measurements in CeRu2Si2 which show clearly an important metamagnetic transition occurring along the c-direction at about 80 kOe [13] . The analysis of magnetization and inelastic neutron scattering measurements in single crystals [30] , consistent with resistivity and specific heat data, has led to an evaluation of the crystal-field splitting scheme : the ground state is the doublet ± 1/2 and the two doublets ± 3/2 and ± 5/2 lie at approximately 80 and 230 K above it.
We report here measurements of the transport properties of CePt2Si2 single crystals along the c-direction and along one direction (110) in the basal plane of the tegragonal structure. Resistivity measurements were already presented in a short paper [25] and we report here new data on the thermoelectric power and the thermal conductivity.
The two samples used in the present study were cut from the same single crystal ; the effect of heat treatment is reported elsewhere [31] . For the present measurements, the samples were equiped with an Au-Fe/Chromel thermocouple for the determination of the thermal gradients while the thermopower was obtained by using copper wires. Experiments were carried out by sweeping continuously the heating power through the sample in both directions following a procedure described in reference [31] .
In figure 1 , we reproduce the results for the resistivity [25] , which shows stronger values for the (001) direction over the whole investigated temperature range. The thermoelectric power is shown in figure 2 Figure 3 gives the two curves of the thermal conductivity K versus temperature for the two directions (110) and (001) and once again we can observe a strong anisotropy which increases steadily from 4 to 300 K. The thermal conductivity is larger along the (110) direction, as expected from the electrical resistivity data. The temperature dependence of both components of K shows a smooth oscillation separating two quasi-linear regions ; the inflexion point of the two curves is located approximately at 50 K. Our previous investigation on a polycrystal [32] has shown a similar behaviour which appears to be typical of the thermal conductivity for most cerium Kondo compounds. Inset of figure 3 Thus, experimental measurements of the electrical resistivity, thermal conductivity and thermoelectric power show a strong anisotropy between the directions (110) and (001) [33] and we will present a model able to explain it in the next section.
Theoretical model.
We shall compute here the three transport coefficients in single crystals, i.e. the electrical resistivity p, the thermal conductivity K and the thermoelectric power S along the c-direction and along a direction in the basal plane of a tegragonal or hexagonal crystal structure, as in CePt2Si2 or CeAl3 respectively. In the present paper, we do not consider the anisotropy within the basal plane ; this effect will be described elsewhere [34] .
There are certainly several origins for the anisotropy, but we will show here that the effective exchange Hamiltonian of reference [21] , including crystal-field effects as in reference [16] , yields a large anisotropy in transport properties of cerium Kondo compounds. A first calculation using the self-consistent ladder approximation by applying Abrikosov's pseudo fermion technique has been recently performed by Kashiba et al. [35] in order to compute numerically the electrical resistivity. Here, we present the main points of the derivation of the third-order calculation of the transport properties, as in references [16, 19, 20] , but now in the case of a single crystal. Detailed calculations will be published elsewhere [34] .
The effective resonant-scattering Hamiltonian can be written as :
with the usual notations and definitions of references [16, 21] where the conduction-electron energy Ek is defined by (1) and f k is the Fermi-Dirac distribution function. The relaxation time Tku is given here by :
In the expression (7), Cm' (f2 k) represents the weight of the partial wave 1 kM&#x3E; inside the plane wave 1 ko, &#x3E; [21] . The coefficients Cm' (f2k) are given by [21] :
where Yf({1k) are the spherical harmonics of order 3.
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The partial wave relaxation time TkM is given by :
RkM and SkM are, respectively, the second-and third-order terms and they are given by the expressions (38) and (39) of reference [16] without summation on M, i.e. :
In the expression (9) , m, vo and c are respectively the mass of the conduction electron, the considered volume and the cerium concentration. The isotropic approximation of référence [16] implies taking an average value of CM equal to 2 j 1+ 1 '
i.e. equal to -. However, the correct average given by (14) is found to 2 '+1 ô be 1, which leads to a discrepancy of factor 3 between the coefficients of the electrical 2 resistivity and thermal conductivity obtained below and those in références [16] and [20] respectively.
Then, we write Rkm as RkM + (Rkm -RkM) and we expand the first term of (12) [25] . Finally, we have replaced RkM by its average value Rkm in the denominator of the second term of (12) to be consistent with the third-order approximation.
Thus :
The integrals Kri given by (6) (10) and (11) [16, 19, 20] for the three transport properties, we can finally write them down for the z-and x-directions. We have seen in the previous calculations [16] that the so-called « fk = 1/2 » approximation yields results very close to the exact ones and that it simplifies very much the calculations. Thus, we will use it here and, when f k in the expression (9) takes the f k = 1/2 value at the Fermi energy, Rk and A k(2) become independent of k and will be called respectively R and A (2) in the following. If we call also : the resistivity p along the i-direction is given by :
The numerical coefficient of the resistivity is here three times larger than the coefficient previously derived in reference [16] , as already explained. However, apart from this numerical discrepancy, the first two terms of (25) give exactly the previous calculation of reference [16] , while the last terms represent the anisotropy of the resistivity.
Using the same approximations as for the electrical resistivity, the thermoelectric power Si along the i-direction is given by : ' The first term of (26) gives the same result as previously derived in reference [19] with exactly the same coefficient, while the second term yields the anisotropy of the thermoelectric power.
Finally, the thermal conductivity K' along the i-direction is given by :
where we find again the thermal conductivity previously derived in reference [20] , apart from the numerical factor of 3, and the two anisotropy terms in A (2) and A (3). Thus, the formulae (25) , (26) , and (27) give the expressions of the electrical resistivity pi, thermoelectric power Si and thermal conductivity Ki along the i-direction and we will use them in the next section for the specific case of CePt2Si2. Let us finally remark that the electrical resistivity behaves as mf and the thermal conductivity as llm?, while the thermoelectric power is independent of the effective mass mi along the i-direction. Sx. On the contrary, we obtain only two extrema instead of three for Sz, but Sz is generally negative and much smaller than Sx, in agreement with experiment.
In conclusion, we have obtained a semi-quantitative agreement for the three transport properties along two directions with the same set of parameters. In We have presented in the present paper a complete set of measurements for the transport properties of single crystal CePt2Si2 along the c-axis of the tetragonal structure and perpendicular to it. The observed anisotropy is quite large in CePt2Si2, as previously shown for the resistivity of CeAl3 [24] and the thermoelectric power of CeRu2Si2 [26] . On (1) exists also obviously for the electrical and thermal conduction, although there is also an anisotropy effect phenomenologically described by a ratio mz/mx taken here different from 1.
Further studies of transport properties in single crystals would be necessary to better understand the anisotropy in cerium Kondo compounds.
